n engl j med 368;9 nejm.org february 28, 2013 815 N ausea and vomiting are common during pregnancy, affecting more than half of all pregnant women. 1,2 Whereas these symptoms can be managed conservatively in most pregnant women, 10 to 15% receive drug treatment. 1, 3 Because nausea and vomiting manifest in early pregnancy, with onset between 3 and 8 weeks of gestation and with peak symptoms in weeks 7 to 12 in most cases, 1,2,4 drug treatment often coincides with the period during which the fetus is most susceptible to teratogenic effects.
Among the drugs available for the treatment of nausea and vomiting during pregnancy, 1 the 5-hydroxytryptamine type 3 receptor antagonist ondansetron has become the most frequently used prescription antiemetic in the United States. 5 Between 2004 and 2008, almost 3% of women who were enrolled in the Slone Epidemiology Center Birth Defects Study reported having received ondansetron during the first trimester; ondansetron was the fifth most frequently used prescription medication overall. 5 Despite the prevalent use of this drug during pregnancy, data that support its safety for the fetus are limited. A cohort study showed no significant differences in pregnancy and fetal outcomes between 176 women who were exposed to ondansetron and 352 who were not exposed. 6 A case-control study showed that the use of ondansetron was associated with an increased risk of cleft palate but not of cleft lip, hypospadias, or neural-tube defects. 3 Using Danish registries, we conducted a historical cohort study to investigate whether receipt of ondansetron during pregnancy was associated with an increased risk of adverse fetal outcomes, defined as spontaneous abortion, stillbirth, any major birth defect, preterm delivery, low birth weight, and small size for gestational age.
Me thods

Study Cohort
Using information from the Medical Birth Registry 7 and the National Patient Register 8 in Denmark, we established a nationwide historical cohort of all pregnancies that resulted in a singleton live birth or stillbirth or ended with any abortive outcome in the period from January 1, 2004, through March 31, 2011. Before this study period, ondansetron was rarely used during pregnancy. The sources of data for this study, which also included the National Prescription Registry, 9 the Central Person Register, 10 and Statistics Denmark, are described in the Supplementary Appendix, available with the full text of this article at NEJM.org. Pregnancy onset was defined as the first day of the last menstrual period and was estimated by subtracting the gestational age from the date of birth or abortive outcome. We excluded pregnancies for which information on gestational age was missing or implausible and pregnancies with multiple records on overlapping dates. For the analyses of spontaneous abortion and stillbirth, we also excluded women in whom abortions occurred at a gestational age of less than 6 completed weeks (since many early pregnancy losses are not recognized clinically and thus these outcomes would have been subject to misclassification) and women who were exposed to ondansetron within the first 6 weeks of gestation. For analyses involving birth weight, pregnancies with missing information on birth weight were excluded. The study was approved by the Danish Data Protection Agency. In Denmark, ethics approval and informed consent are not required for registry-based research.
Ondansetron Exposure
We used information from the National Prescription Registry to identify prescriptions for ondansetron dispensed to women in the cohort. No woman had used any other 5-hydroxytryptamine type 3 receptor antagonist. We defined specific exposure time windows for the respective analyses: the first trimester (through 12 gestational weeks) for any major birth defect, any time before 37 completed weeks for preterm delivery, any time during pregnancy for analyses involving birth weight, week 7 through week 22 for spontaneous abortion, and week 7 until birth for stillbirth. The timing of exposure was defined by the date the prescription was filled. In each analysis, women who did not receive ondansetron throughout the exposure time window were categorized as "unexposed." Those who had filled ondansetron prescriptions within 1 month before pregnancy onset were excluded. through 22 gestational weeks). Validation studies of the National Patient Register showed that registrations were correct for 99% of the diagnoses of spontaneous abortion and 88% of the diagnoses of birth defects. 11, 12 Major birth defects were defined according to the European Surveillance of Congenital Anomalies (EUROCAT) classification, 13 with some modifications, including the exclusion of infants with chromosomal aberrations (e.g., Down's syndrome) and those with known causes of birth defects (e.g., fetal alcohol syndrome) (see the Supplementary Appendix). Cases of preterm delivery (delivery before 37 completed weeks), infants born small for gestational age (lowest 10th percentile of the gestational agespecific birth weight within the cohort), infants born at low birth weight (<2500 g), and stillbirth (fetal loss after 22 completed weeks) were ascertained on the basis of data from the Medical Birth Registry.
Statistical Analysis
For analyses of spontaneous abortion and stillbirth, which were based on all pregnancies in the cohort (live births, stillbirths, and abortive outcomes), we used Cox proportional-hazards regression models to estimate hazard ratios for the comparison of pregnancies in which women were and were not exposed to ondansetron. The gestational age at which events occurred was taken into account by using the gestational age in days as the time scale in the Cox model. For the analysis of spontaneous abortion, follow-up (gestational weeks 7 to 22) was censored if an abortive outcome other than spontaneous abortion (e.g., induced abortion) occurred. For the analysis of stillbirth, follow-up (gestational week 7 to birth) was censored if any abortive outcome occurred. The proportional-hazards assumption was assessed by measuring the interaction between treatment status and the time scale by means of the Wald test. The analyses of birth defects, preterm delivery, and birth weight were based on live births; logistic regression was used to estimate prevalence odds ratios.
To account for potential confounders, we used logistic regression to estimate propensity scores as the probability of exposure to ondansetron given baseline characteristics at pregnancy onset (details on included covariates are provided in Table S2 in the Supplementary Appendix); all two-way interactions between demographic variables were included in the scores. Variables with missing values (Table S3 in the Supplementary Appendix) were imputed with the use of the mode. After estimation of a distinct propensity score for each exposure time window, women who had been exposed to ondansetron were matched, in a 1:4 ratio, to unexposed women in accordance with the nearest-neighbor-matching algorithm (a caliper width equal to 0.1 of the standard deviation of the logit score was used). 14, 15 Because the risk of fetal loss is highly dependent on gestational age, we also used gestational age as a matching criterion for the analyses of spontaneous abortion and stillbirth -that is, on the basis of the gestational age at exposure (index date) for each woman exposed to ondansetron. Women who were not exposed and who had survived through this index date were eligible as matches. Finally, all models were adjusted for hospitalization for hyperemesis gravidarum or nausea and vomiting (as a proxy measure of severity) and exposure to antiemetics other than ondansetron during pregnancy.
In preplanned sensitivity analyses, we restricted the definition of exposure in the analysis of birth defects to the period of maximal susceptibility to teratogenic agents (gestational weeks 4 to 10, or 2 to 8 weeks after the estimated time of conception). 16 In addition, we reanalyzed the birthdefect outcome, also including birth defects detected among induced abortions and stillbirths (details are provided in the Supplementary Appendix). Because nausea and vomiting are associated with a decreased risk of spontaneous abortion 17, 18 (with the potential to introduce confounding by indication), we analyzed the risk of spontaneous abortion by comparing exposure to ondansetron with exposure to antiemetic antihistamines considered safe in pregnancy (promethazine, cyclizine, or meclizine) 1, 19 (using a 1:1 ratio in a propensityscore-matched analysis). We also modeled the effect of adjusting for an unmeasured protective confounder at different levels of prevalence and different strengths of association with birth defects, using the array approach described by For propensity-score-matched analyses, women who were exposed to ondansetron and those who were not exposed were included in a 1:4 ratio. For the 69,791 records initially excluded, some were excluded in both categories. Figure 1 shows the study design and the inclusion of pregnancies in the analyses of each specific outcome. After exclusions, the study cohort comprised 608,385 pregnancies. Exposure to ondansetron occurred in 1970 (0.3%) of these pregnancies; the first prescription was filled at a median of 70 gestational days (i.e., 10 weeks; interquartile range, 57 to 88 days). The median number of doses was 10 per prescription (interquartile range, 10 to 10) and 30 per pregnancy (interquartile range, 10 to 65).
Tables S4 and S5 in the Supplementary Appendix show participants' characteristics before propensity-score matching. In unadjusted analyses conducted before propensity-score matching, the risk of spontaneous abortion was significantly decreased among women who were exposed to ondansetron, as compared with unexposed women (Table S6 in the Supplementary Appendix). There was no increased risk of stillbirth, any major birth defect, infant born at low birth weight, or infant born at small size for gestational age associated with ondansetron exposure, whereas the risk of preterm delivery was significantly increased (Table S6 in the Supplementary Appendix).
Propensity-Score-Matched Analyses
For the propensity-score-matched analyses of spontaneous abortion and stillbirth, which were based on all pregnancies, 1849 women who were exposed to ondansetron between 7 and 22 gestational weeks and 1915 women who were exposed between week 7 and birth were matched in a ratio of 1:4 to unexposed pregnant women (Fig. 1) . For the propensity-score-matched analyses of birth defects, preterm delivery, infants born small for gestational age, and infants with low birth weight, which were based on live births, 1233 women who were exposed in the first trimester, 1792 who were exposed before 37 completed gestational weeks, and 1784 who were exposed at any time during pregnancy were matched in a 1:4 ratio with unexposed women. For all analyses, the matched groups were well balanced with regard to baseline characteristics (Table 1, and Tables S7 and S8 in the Supplementary Appendix). Among women who were exposed to ondansetron, more than 50% were hospitalized for hyperemesis or nausea and vomiting during pregnancy and almost half received another antiemetic (Table 1) . Table 2 shows the propensity-score-matched analyses of adverse fetal outcomes associated with exposure to ondansetron in pregnancy, with and without adjustment for hospitalization for hyperemesis or nausea and vomiting and the use of other antiemetics. Because the proportionalhazards assumption was not fulfilled in the planned analysis of spontaneous abortion (followup, 7 to 22 gestational weeks; P = 0.02 for the interaction between treatment status and gestational age), the follow-up period was divided into two strata: 7 to 12 weeks and 13 to 22 weeks. This analysis included a total of 354 cases, with 215 cases occurring in weeks 7 to 12 and 139 cases in weeks 13 to 22. Pregnant women who were exposed to ondansetron were not at increased risk for spontaneous abortion, as compared with unexposed women, with an adjusted hazard ratio of 0.49 (95% confidence interval [CI], 0.27 to 0.91) in weeks 7 to 12 and of 0.60 (95% CI, 0.29 to 1.21) in weeks 13 to 22. The analysis of stillbirth included 6 cases among 1915 women who were exposed to ondansetron (0.3%) and 27 cases among 7660 women who were not exposed (0.4%) (adjusted hazard ratio, 0.42; 95% CI, 0.10 to 1.73). Among 1233 women who were exposed to ondansetron in the first trimester (first prescription at a median of 63 gestational days; interquartile range, 54 to 73), 36 infants (2.9%) were registered as having a major birth defect during the first year of life, as compared with 141 of 4932 infants (2.9%) born to women who were not exposed (adjusted prevalence odds ratio, 1.12; 95% CI, 0.69 to 1.82). The specific birth defects among infants who were and were not exposed to ondansetron are listed in Table S9 in the Supplementary Appendix; there were no cases of cleft palate in the group exposed to ondansetron.
Among 1792 women who were exposed to ondansetron before 37 completed weeks of gestation, there were 111 preterm deliveries (6.2%), as compared with 374 among 7168 women who were not exposed (5.2%) (adjusted prevalence odds ratio, 0.90; 95% CI, 0.66 to 1.25). Exposure to ondansetron at any time during pregnancy was not associated with infants born with low birth weight (4.1% among infants who had been exposed to ondansetron and 3.7% among those who had not been exposed; adjusted prevalence odds ratio, 0.76; 95% CI, 0.51 to 1.13) or with infants who were small for gestational age at birth (10.4% among exposed infants and 9.2% among unexposed infants; adjusted prevalence odds ratio, 1.13; 95% CI, 0.89 to 1.44).
Sensitivity Analyses
The adjusted prevalence odds ratio for any major birth defect was similar to that in the primary analysis in sensitivity analyses in which the exposure time window was restricted to the period of maximal susceptibility to teratogenic agents (gestational weeks 4 to 10) and including birth defects among induced abortions and stillbirths ( Table 3) . As compared with pregnancies in which there was exposure to antihistamine antiemetics, those in which there was exposure to ondansetron were at no significantly different risk of spontaneous abortion (Table 3 ). The estimates for adverse fetal outcomes were similar between women who filled one ondansetron prescription and those who filled two or more prescriptions (Table 3) . * All measures of association are from propensity-score-matched analyses that included women who were exposed to ondansetron and those who were not exposed in a 1:4 ratio. Measures of association were adjusted for hospitalization for hyperemesis gravidarum or nausea and vomiting and exposure to antiemetics other than ondansetron within the respective exposure time window. Spontaneous abortion was defined as fetal loss between 7 and 22 weeks of gestation and stillbirth as fetal loss after 22 weeks of gestation. The category of major birth defects did not include infants with chromosomal abnormalities (e.g., Down's syndrome) and those with known causes (e.g., fetal alcohol syndrome). Preterm delivery was defined as delivery before 37 completed gestational weeks, low birth weight as less than 2500 g, and infant born small for gestational age as the lowest 10th percentile of the gestational age-specific birth weight within the cohort. † For the outcomes of spontaneous abortion and stillbirth, the reported measures of association are hazard ratios; for all other outcomes, the reported measures of association are prevalence odds ratios.
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Copyright © 2013 Massachusetts Medical Society. All rights reserved. * Baseline characteristics of pregnancies in the analysis of birth defects in which induced abortions and stillbirths were included and in the analysis of spontaneous abortion in which exposure to ondansetron was compared with exposure to an antiemetic antihistamine are shown in Tables S9 and S10 in the Supplementary Appendix, respectively. In women who were exposed to ondansetron and who had induced abortions or stillbirths, there were 36 infants with birth defects among 1233 live births, 0 cases among 3 stillbirths, and 2 cases among 5 induced abortions. † For the outcomes of spontaneous abortion and stillbirth, the reported measures of association are hazard ratios; for all other outcomes, the reported measures of association are prevalence odds ratios. Measures of association were adjusted for hospitalization for hyperemesis gravidarum or nausea and vomiting and for exposure to antiemetics other than ondansetron within the respective exposure time window, apart from the hazard ratio for spontaneous abortion in the analysis of ondansetron versus antiemetic antihistamine, which was adjusted for hospitalization for hyperemesis gravidarum or nausea and vomiting. Because no increased risk of birth defects was detected in association with ondansetron exposure, we modeled the effect of a hypothetical unmeasured confounder that might mask a true risk and found that its influence on the observed estimate would be relatively small (Table S12 in the Supplementary Appendix). For instance, if a confounder halved the risk of birth defects and was twice as prevalent in the group exposed to ondansetron, the observed estimate of 1.12 would have been biased by 11.1% and the confounderadjusted estimate would be 1.26.
Discussion
In this nationwide cohort study in Denmark, ondansetron exposure in pregnancy was not associated with a significantly increased risk of major adverse fetal outcomes. On the basis of the upper limits of the confidence intervals for the risk estimates, our findings are inconsistent with increases in risk associated with ondansetron of more than 25% for preterm delivery, 44% for infants who were small for gestational age at birth, and 82% for any major birth defect, among others.
A potential source of confounding in observational studies of medication effects is that the condition for which the treatment is used may itself be associated with the study outcome (i.e., confounding by indication). Our findings that pregnant women who were exposed to ondansetron were at a significantly lower risk for spontaneous abortion as compared with unexposed women, but at a similar risk as compared with women exposed to an antihistamine, support the conclusions that nausea and vomiting, rather than the treatment of these conditions with ondansetron, are associated with a lower risk of spontaneous abortion. Several previous studies have reported inverse associations between nausea and vomiting in pregnancy and spontaneous abortion of similar magnitude as the associations between ondansetron and spontaneous abortion in our study. 17, 18 Therefore, the data do not indicate that any protective effects should be attributed to ondansetron; rather, these data provide reassurance that the drug was not associated with an increased risk of spontaneous abortion.
An important question is whether some unmeasured confounder may have masked a true risk associated with ondansetron. For instance, data on folic acid supplementation were not available for our analysis of birth defects. To address this problem, we modeled the effect of an unmeasured confounder and found that even if the difference in confounder prevalence between the women who were and were not exposed to ondansetron had been large and the protective association with the outcome very strong, the confounder-adjusted estimate would have been relatively close to the observed estimate. Women who are exposed to ondansetron are much more likely to have nausea and vomiting than women who are not exposed to this medication. We adjusted our analyses for hospitalization for nausea and vomiting (as a proxy for severity), but data were not available on nausea and vomiting that did not require hospitalization.
In the majority of pregnancies with exposure to ondansetron that were included in the analysis of birth defects, the exposure occurred in the second half of the first trimester. Although this pattern of exposure probably reflects the fact that nausea and vomiting peak during this period, 1,2,4 it also implies that the results of the birth-defect analysis primarily apply to the second half of the first trimester.
Although the prescription of ondansetron for pregnant women has increased considerably, 5 we are aware of only two controlled studies that have assessed its fetal safety. A cohort study from Canadian and Australian teratology information services reported no significant differences in the frequencies of miscarriage, stillbirth, induced abortion, major malformations, mean birth weight, or mean gestational age between 176 pregnant women who were exposed to ondansetron and 352 women who were not exposed. 6 A case-control analysis from the National Birth Defects Prevention Study revealed that the use of ondansetron was associated with a significant increase in the risk of cleft palate but not of cleft lip, hypospadias, or neural-tube defects. 3 Our findings are consistent with those from the cohort study. Because we analyzed birth defects in aggregate, our results cannot be directly compared with those from the casecontrol study. We identified no cases of cleft palate among 1233 infants exposed to ondansetron in the first trimester, but our study was not powered to assess the risks of individual defects; this question needs to be addressed in future, adequately powered studies. Our study expands
